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Abstract— A challenge in designing a RF MEMS switch is the 
determination of its parameters to satisfy the application 
requirements. Often this is done through a set of comprehensive 
time consuming simulations. This paper employs neural networks 
and develops a supervised learner that is capable of determining 
S11 parameter for a RF MEMS shunt switch. The inputs are the 
length its L and the height of its gap. The outputs are S11s for 
eight different frequency points from 0 to V band. The developed 
learner helps prevent repetitive simulations when designing the 
specified switch. Simulation results are presented. 
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I.  INTRODUCTION 
Micro electro mechanical systems (MEMS) technology has 
helped create a new class of devices for radio frequency 
applications, particularly switches. The benefits of 
semiconductor manufacturing with best features of 
electromechanical relays are combined to form the switches. 
Switches could be made very small, and designed to deliver 
bandwidth and linearity better than electromechanical relays. 
The switches can be employed in RF circuits, and their 
performances could be made better than those of other standard 
switches such as FET, and PIN diodes. This is due to their 
good linearity, low noise, low power consumption, high 
electrical isolation, ultra wide frequency band and ability to 
integrate with standard IC technologies. 
There are two main types of forces that can be used for the 
actuation of RF Switches: electromagnetic and electrostatic. 
The electromagnetic force has a low actuation voltage, but a 
high current consumption. On the other hand, the electrostatic 
force has no current consumption, but has a high actuation 
voltage. The electrostatic switches are most common switches 
that are used in the microwave and mm-wave regions [1]. 
There are two kinds of electrostatic switches: series and 
shunt [2]. Series switch is initially disconnected, and gets 
connected when the switch is actuated. Shunt switch is initially 
connected, and gets disconnected when a required voltage is 
applied to the switch [3]. 
The RF MEMS shunt switch contains a membrane that 
anchored from both ends and its middle section is free to move 
[3-4]. 
Park et al. [5] proposed a capacitive coupling shunt switch, 
operated by the change of the capacitance between the signal 
line and ground line. This switch consists of a couple of comb-
drive actuators. In its on state position, the actuator is in up-
state and the capacitor between signal line and ground is very 
small. It transfers the signal from input to output without 
significant losses. In spite of the good reliability, due to the non 
contact electrodes, the switch requires a large and precise 
mechanical motion, and a 25 V actuation because of a large air 
gap (25 μm) for the low-loss CPW line. The switch also suffers 
from very large switching time that is also due to the large air 
gap and large mechanical motion. 
Claza et al [6] presented a capacitive coupling switch with a 
folded serpentine spring and large area actuation electrodes to 
decrease the actuation voltage. To reach the high capacitive 
ratio and low actuation voltage, they introduced the 
enhancement in the earlier evolution of the fabrication process. 
With these improvements in fabrication process, a great 
increase in the capacitive ratio of up to 10 times greater than 
the ones obtained for the same structure without this feature 
was achieved. In spite of achieving a good capacitive ratio, the 
fabrication process is complicated and costly. 
Lee et al. [7] described a pull up RF MEMS switch. The 
actuation voltage of this design was low. The electrostatic force 
introduced by the pull up electrode, forces a moveable lower 
contact pad from a lower position to upper position. In the 
absence of a bias voltage in off state, the lower and upper 
contacts are separated by a distance. The spacing between the 
lower contact pad and the pull up electrode is a key design 
parameter determining the actuation voltage. With 1.5 μm gap, 
an actuation voltage of 4.5 volts has been obtained. The 
Fabrication of this switch is costly as it needs two separate 
fabrication processes on the double polished Si wafer and glass. 
Dai et al [4] fabricated a switch with actuation voltage of 
17.5 volts. In this switch, membranes are anchored to ground of 
the CPW by four springs from its four corners. In this design, 
the actuation voltage is decreased by lowering the spring 
constant. The main advantage of this switch is the use of a 
simple post process to release the suspended membrane and 
springs, which is compatible with the CMOS process. The RF 
characteristic of the switch shows excessive insertion loss and 
low isolation at their desired frequency. 
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Sinha et al. [8] reported a switch consisting of two 
symmetrical beams of piezoelectric. This architecture decreases 
the effect of the residual stress. The significant variation in the 
gap height does not happen which assures good reliability. Low 
actuation voltage of 5 to 20 V and faster switching time up to 2 
μs are achieved. In spite of its good features, this design 
suffered from the narrow frequency band and the need for 
complicated fabrication process. 
RF MEMS devices are often designed and simulated before 
fabrication. According to Lee et al. [7], there are several 
numerical methods that can be used to model RF MEMS 
devices. Although these methods provide accuracy, their 
computational overhead such as running time and memory 
requirement become complex when a number of simulation for 
determination of various device parameters are needed. 
One of the great challenges is designing high performance 
RF MEMS switches is determination of their parameters to 
satisfy the application requirements. Often this is done through 
a set of comprehensive time consuming simulations. 
This paper aims to employ the benefits of example-based 
learning methods and develop a learner that is capable of 
determining S11 parameter associated with a RF MEMS shunt 
switche. This will prevent repetitive time consuming 
simulation when designing a switch of a given architecture. 
Artificial Neural Networks (ANNs) offer a great advantage 
in reducing the computational costs. They provide en efficient 
prediction of unknown input-output relationships with low 
computational overhead. Also, they can model non-linear 
mappings of multiple input/output variables. An ANN id 
developed in this work to predict the S11 parameter associated 
with a RF MEMS shunt switch with a short high impedance. 
II. RF MEMS SHUNT SWITCH 
Figure 1 shows the RF MEMS shunt switch. It contains a 
Co Planner Waveguide (CPW), membrane and anchors. The 
membrane is supported by the anchors and situated on top of 
the CPW. It is allowed to flex in the middle. The material of 
the CPW, anchors, and membrane are conductive materials. 
 
 
 
 
 
 
 
 
 
 
Figure 1.  RF MEMS shunt switch 
Figure 2(top) shows the switch in the up state position 
when there is no applied voltage; therefore, the membrane stays 
on top of the CPW and RF signal propagates through the signal 
line of the co-planer waveguide. Figure 2(bottom) 
demonstrates the switch in down state position. This situation is 
reached by the application of voltage. This voltage creates the 
electrostatic force which causes the membrane to deflect 
downwards. While the potential exceeds the threshold voltage, 
the membrane snaps down. In this state, the RF signal and the 
membrane creates the high capacitor which couples the RF 
signals to the ground signal line of the CPW. 
 
Figure 2.  (top) Up state, and (bottom) down State positions 
The RF characteristic of the capacitive shunt switch 
commonly depends on the capacitor of the switch in upstate 
position. The RF MEMS shunt switch has a capacitance 
characteristic; therefore, the switch is not desirable at high 
frequency applications. One way to match the up-state 
capacitance is to use two short high impedance t-line sections 
before and after the switch as shown in Figure 3. Therefore, the 
resonant frequency compensates the capacitance characteristics 
by adding the inductance (L). Moreover, for lower actuation 
voltage, the gap height should be decreased which can lead to 
an increase in the upstate capacitor. This deteriorates the RF 
characteristics of the switch. 
 
Figure 3.  CPW with two short high impedance t-line sections 
The up state position of the switch with two short high 
impedance transmission lines could be modelled by the 
electrical circuit shown in Figure 4. In this circuit, the switch is 
modelled by C, L, and R components. L represents the 
inductance of the switch, R shows its insertion loss, and C 
gives its capacitance. C is the more dominating parameter in 
this model causing mismatch at the input and output of the 
switch. Therefore, it has the essential role in RF characteristic 
of the switch especially at high frequencies. The circuit could 
be matched with transmission line by using two additional 
inductors (LTL) at the input and output of the switch. 
The principles of this design are as follows : (i) the desired 
frequency band is between 0 up to 50 GHz; (ii) S11 is less than -
10 dB in up-state position for the specified frequency band; (iii) 
for reliability and life cycle, the gap height is limited to 2 μm; 
(iv) design and calculation of the two short high impedance 
transmission lines at the input and output of the switch are 
carried out. 
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The scattering parameter S11 for the switch with and 
without the short high impedance transmission lines have been 
calculated by the EM3DS and presented in Figure 5. As it can 
be seen, the scattering parameters are improved in up-state 
position for the switch with short high impedance transmission 
line, and are desirable for the Ka and V band. 
 
 
 
 
 
 
 
 
 
Figure 4.  Equivalent circuit for the switch 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  S11 
III. DETERMINATION OF S11 WITH NEURAL NETWORKS 
The main bottleneck of the design is its modeling and 
simulation part. The designer has to spend significant amount 
of time to simulate the switch with different parameters. For 
example for the switch with short high impedance, it takes 
about more than one day to simulate the switch. This problem 
could be solved by applying ANN to the switch design process. 
ANN is a model that consists of three main layers, input 
layer, hidden layer, and out put layer. Each layer consists of 
several neurons. ANN is trained to respond correctly to the 
input patterns that are used for training, and also an input that is 
similar but not identical to one used in the training. In 
supervised training, both inputs and outputs are given. The 
errors are calculated and then propagated back for adjusting the 
weights. The vital issue in training an ANN is providing good 
data. The good data provides good results. 
The overview of the switch design with the help of ANN is 
shown Figure 6. As can be seen, firstly a low actuation voltage 
RF MEMS shunt switch with two short high impedance is 
designed. Secondly, an Electro Magnetic 3 Dimension 
Simulator (EM3DS) is used for device characterizations and 
generation of training and testing datasets. Thirdly, the 
obtained input and output relationships are mapped using a 
ANN. Given a valid range of input variables, ANN is trained 
and tested. 
The algorithm used is back propagation. This algorithm is a 
feed forward and supervised one. It generates input-to-output 
mappings based on computations of interconnected nodes.  
Nodes are arranged in layers. Each node's output is a nonlinear 
function of the weighted sum of inputs from the nodes in the 
preceding layer. Weights are trained using an iterative steepest 
descent procedure, minimizing the least-mean-square error 
measure between the desired outputs. 
 
Figure 6.  Design with ANN 
IV. SIMULATION RESULTS 
The length of the Ltl and the height of the gap (G) are 
chosen as input. The output is 8 different points from 0 to V 
band of the S11 (2 GHz, 11 GHz, 21 GHz, 36 GHz, 46 GHz, 56 
GHz, 61GHz, and 66GHz).The output is considered 
independently. Table I illustrates the input and output dataset. 
The dataset is partitioned into 14 training and 3 testing sets 
for each simulation. As it can be seen, the size of the length and 
the height of the gap for the testing data are in the range of the 
training data. The first 14 data is chosen as the training data 
and the last 3 data is selected as testing data. 
Eight different networks are trained each generating one 
S11 output associated with a certain frequency. Table II shows 
the parameters of the eight ANNs. Table III provide the 
simulation results in terms of correlation coefficients. As can 
be seen, the achieved results are great. 
As an example, Figure 7 shows the testing summary 
associated with 66GHz. 
V. CONCLUSIONS 
This paper firstly presented the design of a low actuation 
RF MEMS shunt switch by using two short high impedance 
lines. Secondly, the design parameters of the low actuation 
were calculated forming a dataset. Thirdly, eight ANN were 
trained to determine S11 for different frequencies. It was 
shown that the results of the developed ANN were accurate. 
This method provides a much less running time for simulations 
of the switch. 
 
Identification of Low Actuation RF 
MEMS Switches  
Full wave analysis of the selected MEMS 
devices and generation of datasets  
Training and testing ANN Model 
Designing and simulating the desired 
switch with the optimised values 
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TABLE I.  TRAINING AND TEST DATASET 
Ltl G 2 GHz 11 GHz 21 GHz 36 GHz 46 GHz 56 GHz 61 GHz 66 GHz 
57 2 -37 -23 -17.5 -13.5 -12 -11 -10.5 -10 
57 3 -38 -23.5 -18.5 -14 -12.5 -12 -11 -11 
57 3.5 -39 -24 -19 -15 -13 -12.5 -12 -12 
100 4 -42 -27 -22 -18.5 -18.2 -18 -19 -20 
150 2 -41.5 -27 -22 -19 -19 -20 -21 -23 
150 3 -44 -30 -25 -24.5 -24.5 -29 -36.5 -39.5 
150 3.5 -45 -31 -26.5 -27 -27 -36 -41 -30.5 
150 4 -46 -32 -27.8 -29.5 -29.5 -46 -34 -26 
200 2 -45 -32 -27.5 -30.5 -30.5 -42 -39.5 -33 
200 3 -48 -38 -35 -32 -32 -19 -21 -19 
200 3.5 -49 -41 -40 -27.5 -27.5 -21 -19 -17 
100 2 -31 -24 -19.5 -15 -14 -13.5 -13.5 -13.5 
100 3 -40 -26 -20.5 -17 -16 -16 -16.5 -17 
100 3.5 -41 -27 -22 -18 -17 -17 -18 -18.5 
80 2 -38 -23 -17.5 -14 -12.5 -11.5 -11.5 -11.5 
80 3 -39.5 -24.5 -19 -15.5 -14.5 -14 -14 -14 
80 3.5 -40 -25 -20 -16 -15 -14.5 -14.5 -15 
 
 
TABLE II.  ANNS PARAMETERS 
Parameter 2 GHz 11 GHz 21 GHz 36 GHz 46 GHz 56 GHz 61 GHz 66 GHz 
Hidden Layer 2 2 3 2 4 4 4 5 
Epoch 1567 1567 1700 2000 1700 1000 2000 2000 
 
 
TABLE III.  RESULTS 
Results 2 GHz 11 GHz 21 GHz 36 GHz 46 GHz 56 GHz 61 GHz 66 GHz 
Test 0.993 0.97 0.99 0.89 0.89 0.89 0.99
  
0.99 
  
      
 
Figure 7.  Sample test results 
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